4C3320).
Introduction
In the nervous system, nitric oxide (NO) acts as a short-lived intercellular messenger molecule (8, 9, 13) . NO is formed by the neuronal form of the enzyme nitric oxide synthase (NOS) (3,4), which requires the co-substrate nicotinamide adenine dinucleotide phosphate (NADPH) as an electron donor to enable its full activity. In addition to NO formation, the C-terminal sequence of NOS can also transfer electrons from NADPH to other substrates, including nitroblue tetrazolium (7,lO). This so-called NADPHdiaphorase (NADPH-d) activity of NOS leads to staining of the NOS-containing cells (2,16,21) and has been widely used to investigate the localization of NOS. From biochemical studies ( 1 4~9 ) in broken-cell preparations, it is known that NADPH-d activity is present in two fractions and that the enzyme activity of both is differently affected by fixation. The NADPH-d activity of the particulate fraction is not related to NOS and can be strongly in-' Supported by grants from the Deutsche Forschungsgemeinschaft (Sp Correspondence to: R. Spessert, Dept. of Anatomy, Johannes Guten-403/1-2). berg Univ., Saarstr. [19] [20] [21] 55099 Mainz, Germany. decreased intensity of NADPH-d staining. Fixative-dependence of NADPH-d staining was observed not only in the presence of the "normal" co-substrate p-NADPH but also in the presence of the stereoisomer a-NADPH. Unlike the staining intensity, the staining pattern of NOS-associated as well as NOS-unrelated NADPH-d did not change after treatment with various fmtives. Our fiidings are of considerable practical significance because it has become dear that fixation conditions affect the sensitivity but not the selec- hibited by paraformaldehyde fixation (14). The NADPH-d activity of the cytosolic fraction is accompanied by NOS activity but is affected to a lesser degree by fixation (14). The possibility exists that the cytosolic fraction is contaminated by NOS-unrelated NADPH-d activity. Hence, fixation-induced inhibition of cytosolic NADPH-d activity (14) can be due to inhibition of either NOSrelated or NOS-unrelated NADPH-d activity. Therefore, it is still unclear to what extent NOS-related NADPH-d activity depends on fixation. This issue is important with regard to the sensitivity of NADPH-d staining as a marker for NOS in fixed tissue. Moreover, different effects of fixation on NOS-related and NOS-unrelated NADPH-d will determine the specificity of the NOS marker reaction in fixed tissue.
The purpose of this histochemical approach was to investigate the effect of fixative on NADPH-d staining as a marker for NOS with regard to both specificity and sensitivity of staining. To this end, we investigated NADPH-d staining in relation to NOS immunoreactivity in the rat olfactory bulb after exposure to various widely used fixatives. The intensity of NOS-associated NADPH-$ staining provided a measure for the sensitivity of NADPH-d as a marker for NOS. In analogy, the extent of co-localization between NADPH-d staining and NOS immunoreactivity was used to determine the specificity of the NADPH-d reaction as a marker for NOS.
Materials and Methods
Materials. Male Sprague-Dawley rats (weighing 230-260 g) were obtained from the Zenualinstitut fur Versuchstierzucht, Hannowr. 0-NADPH, a-NADPH, P-NADH, NBT, dichlorophenolindophenol (DPIP), and normal serum were purchased from Sigma (Deisenhofen, Germany). Neuronal NOS antiserum was obtained from Laboserv (Giessen, Germany). Biotinylated anti-rabbit antibody was purchased from Amersham (Braunschweig, Germany), and streptavidin-biotin-horseradish peroxidase complex was purchased from Vector Laboratories (Wiesbaden, Germany).
Tissue Preparation and Enzyme Histochemistry. Rats were kept under standard laboratory conditions for 2 weeks before the day of experimentation. At the middle of the light period (12 hr light and 12 hr dark; light on at 0500 hr), animals were anesthetized with tribromethanol(O.3 mg/kg).
Rats were perfused transcardially with 150 mlO.9% saline, to which 15,000 IU/liter heparin was added, followed by 250 ml of an ice-cold fixative containing 4% paraformaldehyde, 75 mM D,L-lySine, 10 mM sodium periodate, and 0.9% saline in 100 mM phosphate buffer, pH 7.4 (PBS) (15) . This fixative was used for NADPH-d histochemistry and for NOS immunochemistry. Alternative fixatives containing 4% paraformaldehyde in PBS. 4% paraformaldehyde with 0.5% glutaraldehyde in PBS, or 4% paraformaldehyde with 2.5% glutaraldehyde in PBS were used for NADPH-d histochemistry. The entire olfactory bulb was then removed and post-fixed for 1 hr. As indicated in the text, post-fixation was extended up to 18 hr. Then the tissue was placed for 2 hr in 10% phosphate-buffered sucrose solution, for 2 hr in 20% phosphate-buffered sucrose, and in 30% sucrose at 4°C until use. Thirty-pm frontal sections through the bulbs were cut on a freezing microtome and collected in PBS.
NADPH-d Staining. The standard histochemical reaction for NADPH-d activity consisted of incubating the free-floating sections for 15 min at 37'C in 50 mM Tris-HC1, pH 8, and then for 60 min at 37'C in 1 mM 0-NADPH and 0.8 mM NBT in 50 mM Tris-HC1, pH 8. Histochemical reactions in the absence of 0-NADPH or NBT served as controls.
In some instances, a-NADPH was substituted at M concentration for @NADPH. To examine the effects of DPIP (lo-* M) on diaphorase activity, the histochemical reaction was studied in the presence and the absence of the drug.
Immunohistochemical Procedure. Immunocytochemistry for NOS was performed with a polyclonal rabbit antibody raised against the C-terminal fragment of NOS from rat cerebellum (1) . After rinsing in PBS, tissue sections were incubated with 3% H2Oz to inactivate endogenous peroxidases and then were blocked with 1% normal serum. Sections were then rinsed in PBS and incubated for 48 hr at room temperature (RT) in primary antibody (1:3000) in PBS to which 1% normal serum and 0.1% Tritonwas added. After rinsing in PBS, immunoreactions were visualized by a biotinylated anti-rabbit antibody (1:200; 1.5 hr at RT in PBS to which 1% normal serum was added), a streptavidin-biotin-horseradish peroxidase complex (1 hr at RT in PBS to which 1% normal serum was added), and diaminobenzidine (in 0.1 M Tris-HC1, pH 7.2) and H202. Immunohistochemical reactivity in the absence of NOS antiserum served as control. To test whether NOS and NADPH-d are co-localized, we immunostained sections for NOS and then reacted them for NADPH-d activity as described above. Photomicrographs were taken before and after the histochemical procedure.
Statistical Analysis. Examination of the sections was performed in such a way that the investigator was unaware from which group of animals the tissue had been taken. For quantitative assessment of DSAC, at least 75 sections from at least five different bulbs were carefully scanned at x 250 magnification and the total number of deep short axon cells was counted. Cell numbers are calculated per 10 slices. Statistical significance was determined by the Mann-Whitney U-test. A value ofp<O.Ol was regarded as significant.
P-NADPH-d Staining Compared with Neuronal NOS Immunoreactivity
After fixation with 4% paraformaldehyde with lysine and sodium periodate, NADPH-d staining of the olfactory bulb was investigated in comparison to NOS immunoreactivity. Staining of the olfactory layers appeared to be identical for NADPH-d staining and NOS immunoreactivity, with the exception that olfactory glomeruli exhibited NADPH-d activity but did not display NOS immunoreactivity ( Figure 1 ). We found co-localization of NOS immunoreactivity and NADPH-d staining in all the neurons examined, including periglomerular cells (PG) of the glomerular layer ( Figures  2a and 2b) , SSACs of the glomerular layer and external plexiform layer (not shown), and DSACs of the granule layer and subependymal layer (Figures 2c and 2d ).
NADPH-d Staining in the Presence of p-NADPH Under Various Fikztion Conditions
In principle, we have observed identical localization of diaphorase staining after exposure of the tissue to all the fixatives used. Thus, the staining pattern of olfactory layers was found to be identical. Furthermore, NADPH-d staining occurred in the same populations of neuronal somata including PCs, SSACs, and DSACs. Irrespective of fixative, glomerular staining varied considerably within the same section (Figure 3 ). The most intense staining of the glomeruli was observed in the dorsal and medial parts of the bulb. Addition of glutaraldehyde or lysinelsodium periodate to the fixative resulted in a weaker staining of both neuronal somata and glomeruli ( Figures  3c and 3d ). Decreased intensity of staining resulted in lower numbers of detectable DSACs (Figures 6c and 6d ). Elongation of incubation time with lysine/sodium periodate up to 18 hr led to complete suppression of NADPH-d staining (not shown).
NADPH-d Staining in the Presence of a-NADPH Under Various Fikztion Conditions
a-NADPH-d staining of glomeruli did not recognizably differ from Figure 2. (a,c) NADPH-d activity and (b,d) NOS immunoreactivity in the same sections. (a,b) Periglomerular cells; (c,d) (Figure 4) . Irrespective of the fixative, a-NADPH-d staining of neuronal somata was suppressed in comparison to b-NADPH-d staining (Figures 4 and  5 ) . A lesser intensity in staining was accompanied by a decreased number of stained neurons, as has been observed for DSACs (Figure 6) . Addition of lysinelsodium periodate to the fixative suppressed a-NADPH-d staining of neuronal somata. We did not observe a-NADPH-d-stained deep short-axon cells (DSACs) after pre-treatment with lysinelperiodate ( Figure 6d ).
Effect of Dichl'orop henohdophenol on NADPH-a' Stuining
Irrespective of fixative conditions, DPIP completely inhibited diaphorase staining of neuronal somata (not shown). DPIP did not affect the staining of olfactory glomeruli.
Discussion
In the present study we show that fixative composition does not alter selectivity but changes sensitivity of NADPH-d staining as a marker for NOS. With respect to the selectivity of NADPH-d marker reaction for NOS, we have compared NADPH-d staining with NOS immunoreactivity of the tissue. In accordance with recent results (12,18), we found two forms of NADPH-d activity: (a) NADPH-d activity in neuronal somata (5,6,17,20) , which was co-localized with NOS immunoreactivity and which hence is suggested to be associated with NOS, and (b) NADPH-d activity in the olfactory glomeruli (6.17.20). which was not co-localized with NOS immunoreactivity and which therefore is unrelated to NOS. The staining pattern of both NADPH-d activities and the extent of co-kalization between NADPH-d staining and NOS were unaffected by fixative composition. Therefore, the specificity of NADPH-d staining for the presence of NOS does not depend on the fixative.
Intensity of both NOS-unrelated and NOS-related NADPH-d staining strongly depended on the fixative. Addition of glutaraldehyde or lysineloeriodate decreased NAPDH-d activity. Furthermore, prolongation of the fixation procedure led to a total disappearance of NADPH-d staining. Our finding that NOS-unrelated NADPH-d staining is modified by fixation is in line with results from biochemical investigations (14). Moreover, we demonstrate here that N A D P H -~ activity is also altered by the fixative, The fixative-induced decrease Of staining shows that sensitivity of NADPH-d staining as a marker for NOS is modi- fied by the choice of fixative. This is corroborated by our finding that the numbers of detectable DSACs depend on the fixative.
A further aim of the study was to examine the co-substrate specificity of the NADPH-d reaction in relation to fixation. This issue is important because a recent investigation (18) suggests that NOSunrelated NADPH-d utilizes both band a-NADPH, whereas NOS-related NADPH-d prefers P-NADPH to a-NADPH. We found that these differences in the utilization of a-NADPH were unchanged under various fixation conditions. Hence, the specificity of the co-substrate reaction may provide a useful characteristic to distinguish NOS-unrelated from NOS-related NADPH-d activity. In addition, it should be noted that the intensity of a-NADPH-d staining was modulated by the fixative. This may explain conflicting results regarding the utilization of a-NADPH (1 lJ8).
In accordance with recent findings (18) , DPIP inhibited NOSassociated NADPH-d, whereas it did not change NADPH-d unrelated to NOS. Both the inhibitory effect of DPIP on NOSassociated NADPH-d activity and the ineffectiveness of DPIP on NOS-independent NADPH-d activity were unaltered after exposure of the tissue to various fixatives. Hence, DPIP may provide a suitable means by which to distinguish between NOS-associated and NOS-unrelated NADPH-d activity under various conditions of fkation.
In summary, we report here that the intensity of NADPH-d activity co-localized with NOS, as well as NADPH-d activity unrelated to NOS, depends on fixation conditions. With respect to the use of NADPH-d staining as a marker for the presence of NOS, our findings show that the sensitivity but not the selectivity of NADPH-d reaction is modified by the choice of fixative.
